To investigate the risk factors for acute GVHD (aGVHD), based on NIH consensus criteria (NCC), we evaluated 775 patients who underwent allogeneic transplantation. Of them, 346 patients developed aGVHD by NCC, in whom we also analyzed factors affecting aGVHD-specific survival. The cumulative incidence of aGVHD was 44.7%, consisting of classic aGVHD (n ¼ 320) and late-onset (n ¼ 26). Multivariate analyses revealed that younger age (P ¼ 0.015), unrelated donors (P ¼ 0.004) and acute leukemia compared with other hematologic malignancies (P ¼ 0.005) were significant risk factors for aGVHD, whereas PBSCs showed no association (P ¼ 0.720). Multivariate analyses, with only aGVHD patients, revealed that late-onset aGVHD had superior aGVHD-specific survival to classic aGVHD (P ¼ 0.044), and identified the association of visceral organ involvement (P ¼ 0.002), severity of aGVHD at onset (P ¼ 0.035) and advanced disease status (Po0.001) with inferior aGVHD-specific survival. In conclusion, this study demonstrates the risk and prognostic factors for aGVHD by NCC with some differences with the previous reports that were based on old criteria. The difference in the risk factors according to different criteria will give insights about the pathophysiology of GVHD. The better prognosis of late-onset aGVHD than of classic aGVHD raises the necessity for prospective trials with a large cohort focusing on the onset time.
INTRODUCTION
The diverse risk factors for acute GVHD (aGVHD) have been described over the last three decades, based on traditional diagnoses of aGVHD as the time of onset; within 100 days following allo-SCT. [1] [2] [3] [4] [5] [6] [7] However, on the basis of recent advances in allo-SCT practice, including reduced-intensity conditioning (RIC) and donor lymphocyte infusion, the National Institutes of Health consensus criteria (NCC) for GVHD emphasize the manifestations of GVHD, instead of the time of onset after allo-SCT. 8 According to the new classification, patients with acute features of GVHD after day 100 and with chronic features of GVHD within day 100 are reclassified as each type of GVHD by NCC. Thus, risk factors for aGVHD need to be re-evaluated on the basis of the new criteria. Flowers et al. 9 first evaluated the risk factors for grades II-IV aGVHD and chronic GVHD (cGVHD) by NCC, and showed some discrepancies with the previously reported risk factors by day 100 definitions. However, to confirm risk factors of aGVHD by NCC, the evaluation of another cohort is needed. Moreover, the prognostic factors, including characteristics of aGVHD itself, affecting aGVHD-specific survival in a cohort of aGVHD defined by NCC need to be evaluated, but, to our knowledge, there have been no trials yet. Thus, we retrospectively reclassified historically defined GVHD by NCC, and have evaluated the prognostic factors as well as risk factors for newly defined aGVHD.
MATERIALS AND METHODS

Patient selection
This study included 775 adult patients, who underwent allo-SCT from sibling and unrelated donors for hematologic malignancies between January 2002 and December 2008 at our institution. The analysis of risk factors for aGVHD was performed in all patients (the first cohort). Of them, 346 patients with aGVHD by NCC (the second cohort) were analyzed to assess the prognostic factors for aGVHD. In this study, aGVHD with grade II-IV were considered as aGVHD. This retrospective study was approved by the Institutional Review Board of the Seoul St Mary's Hospital of The Catholic University of Korea.
Transplant procedures
Patients received either a myeloablative conditioning regimen (MAC; TBI/CY, TBI/BU, TBI/cytarabine/melphalan or BU/CY; n ¼ 540) or RIC (fludarabine and BU with or without TBI 400 cGy or fludarabine and melphalan; n ¼ 235). MAC given in this cohort consisted of mainly TBIbased regimens (93%) compared with RIC (32%). Overall, 483 patients received BM and 247 received granulocyte-CSF (G-CSF)-mobilized PBSCs. Forty-five patients received G-CSF-primed unmanipulated BM plus CD34 þ -enriched PBSCs, because of the risk of graft failure. HLA matching was based on serologic typing for HLA-A, -B, and -C antigens and molecular typing for HLA DRB1 in 2002, and molecular typing for HLA-A, -B, -C and DRB1 from 2003 to 2008. Antithymocyte globulin (ATG, IMTIX-Sangstat, Lyon, France; 2.5 mg/kg) was added as a part of conditioning to reduce GVHD in patients who received not only transplants from mismatched unrelated donors, but also PBSCs from some matched unrelated donors. GVHD prophylaxis was attempted by administration of calcineurin inhibitor (CYA for the majority of related transplants and tacrolimus for all unrelated transplants) plus short course MTX. The calcineurin inhibitor dose was tapered gradually starting on day 100-120 after allo-SCT in the absence of aGVHD. The other general transplantation procedures were performed as described previously. 10, 11 Diagnosis, management and reclassification of GVHD The historical diagnosis and grade of GVHD was made, as previously described by consensus criteria. 12, 13 The primary treatment for historically defined aGVHD mainly consisted of methylprednisolone (2 mg/kg) or an equivalent dose of prednisone, and the treatments of steroid-refractory aGVHD were variable, as described in a previous report. 14 The treatment of cGVHD also varied, but followed general guidelines as described previously. 15 All patients, historically defined aGVHD with grade II-IV or cGVHD, were reclassified according to the NCC, 8 in which all events of aGVHD by NCC (classic aGVHD and late-onset aGVHD) were included in the second cohort for prognostic factor analysis of aGVHD. In this study, among patients with overlap syndrome, patients who developed both acute and chronic features simultaneously without any history of GVHD were considered to have de novo overlap syndrome. They were considered to have cGVHD, and were not included in the analyses of the risk and prognostic factors for aGVHD. However, patients with de novo aGVHD, who later developed chronic features with persistent former acute features (n ¼ 28) or who developed overlap syndrome after the resolution of aGVHD (n ¼ 7), were included in the events of aGVHD by NCC at the onset of acute features.
Statistical analysis
Main purpose of this study is to investigate the risk and prognostic factors for aGVHD by the NCC that occurred at any time after SCT. In the first cohort, the cumulative incidence was used to estimate the probability of aGVHD, treating non-relapse death and relapse as respective competing risks. Covariates having a P value of o0.1 for association with aGVHD by NCC in the univariate analyses were added to a Cox proportional hazards regression models. However, type of GVHD prophylaxis and use of TBI were considered as the confounding factors against donor type and conditioning intensity, respectively, because the kind of calcineurin inhibitors was mainly determined by donor type (related, mainly CYA; unrelated, all tacrolimus) and MAC consisted of mostly TBI-based conditioning regimens. We focused on the effect of donor type and conditioning intensity. In the second cohort, to identify prognostic factors of aGVHD by NCC, the Cox proportional hazards regression models were used for aGVHD-specific survival. aGVHD-specific survival was defined as the interval from the onset of aGVHD to death because of aGVHD-related complications without a relapse of the underlying malignancies after the onset of aGVHD. GVHD-related death occurring after onset of cGVHD by NCC was not considered as aGVHD-related death. Covariates having a P value of o0.1 for association with aGVHD by NCC in the univariate analyses were added to a final multivariate model.
The software used was SAS (SAS Institute, Inc., Cary, NC, USA), and information on the required data format for these analyses can be found in http://www.biomedcentral.com/content/supplementary/cc6852-S1.pdf. Cumulative incidence functions of aGVHD were computed with R functions from competing risk analysis libraries (R software, version 2.9.1; R foundation for Statistical Computing, Vienna, Austria). Table 1 lists the demographic information of all patients. There were 426 male and 349 female patients with a median age of 36 years (range, 15-68). Patients with various hematologic malignancies were transplanted from sibling and unrelated donors. According to the degree of HLA match, 16 unrelated donors were divided into the following three groups: well matched, partially matched and mismatched. At the time of the transplant, 153 patients (20%) had advanced disease features. Patients-and transplantation-related characteristics between the patients with classic aGVHD and late-onset aGVHD were similar, with the exception of ATG use and type of diagnosis. Late-onset aGVHD developed only in patients not receiving ATG, and in a higher proportion of malignancies other than acute leukemia. GVHD characteristics between the two groups differed in that patients with late-onset aGVHD were more frequently involved in liver with or without skin ( Table 1) .
RESULTS
Patients and transplantation characteristics
Cumulative incidence of aGVHD with grade II-IV Among the 775 patients, 346 patients were reclassified as having aGVHD by NCC, and 320 were from 362 patients with historically defined aGVHD (within day 100). Other 42 of the 362 patients, who developed chronic features of GVHD before day 100, were not considered as aGVHD by NCC. On the other hand, 26 patients were reclassified as late-onset aGVHD by NCC from 274 patients, who developed GVHD over 100 days after SCT (Supplementary Figure S1) . The cumulative incidence of aGVHD by NCC was 44.7% (95% confidence interval (CI), 41.2-48.2). In detail, the cumulative incidences of classic aGVHD and late-onset aGVHD were 41.2% (95% CI, 37.7-44.7) and 3.6% (95% CI, 2.4-5.1), respectively ( Figure 1 ).
Risk factors for the occurrence of aGVHD by NCC Table 2 lists the results of multivariate analyses for risk factors affecting cumulative incidences of aGVHD and its subtypes (classic aGVHD and late-onset aGVHD). Of the potential risk factors for the occurrence of aGVHD on univariate analyses (Supplementary  Table S1 ), younger age of patients and acute leukemia were significant factors that showed an association with the occurrence of aGVHD, and more intense conditioning had a tendency for a higher risk for aGVHD, whereas PBSCs were not associated with aGVHD. Unrelated donors had a significantly higher risk for aGVHD than matched sibling donors. The risk factors for classic aGVHD were similar to those for total aGVHD, while only the use of a female donor for a male recipient showed a tendency for higher risk of late-onset aGVHD. We performed separate multivariate analyses; including the use of TBI instead of conditioning intensity also showed similar results, with a trend for higher risk for aGVHD by NCC in the use of TBI (Supplementary Table S2) .
In addition, to analyze homogenous populations, we performed multivariate analyses with separated cohorts according to donor type (sibling donor versus unrelated donor), diagnosis (acute leukemia versus others) and conditioning intensity (MAC versus RIC). The significance of patient's age, acute leukemia and unrelated donor transplant were held within each model, suggesting the independency of these factors as a predictor for aGVHD (Supplementary Table S3 ).
Prognostic factors affecting aGVHD-specific survival With a median follow-up of 39 months (range, 34.4-43.6) after the onset of aGVHD, the 3-year aGVHD-specific survival was 81.2% (95% CI, 76.6-86.1). To evaluate the prognostic factors for aGVHDspecific survival in the second cohort, consisting of 346 patients with aGVHD by NCC, univariate and multivariate analyses were performed. Characteristics of aGVHD at the onset were also included in these analyses. All aGVHD involving only skin had grade II at the time of onset, while some proportion of aGVHD involving visceral organs had grade III-IV (24%), as well as grade II (76%) at the time of onset. Thus, considering the close relationship between organ involvement and severity of aGVHD at the time of onset, each factor was separately included in multivariate models. Table 3 lists the results of multivariate analyses for aGVHD-specific survival. Of the factors that affected aGVHD-specific survival on univariate analyses (Supplementary Table S4 ), multivariate analyses revealed that the advanced disease status at transplant was significantly associated with inferior aGVHD-specific survival, and increasing age of patients had a tendency for a lower survival in analysis with organ involvement at the time of onset. Lateonset aGVHD had a significantly lower risk or a lower tendency for aGVHD-specific deaths, which was compared with that of classic aGVHD in multivariate analyses, including the initial aGVHD grade or organ involvement, respectively. aGVHD involving skin only and the lower grade of aGVHD at onset were significantly associated with a higher GVHD-specific survival, respectively.
DISCUSSION
Our main interest was to evaluate the risk and prognostic factors for the newly classified aGVHD by NCC. Of the 362 patients with historically defined aGVHD, 42 patients with cGVHD before day 100 were excluded, while 26 patients with late-onset aGVHD were added to aGVHD by NCC. Younger age of patients, unrelated donors and acute leukemia compared with other hematologic malignancies were revealed as significant risk factors for aGVHD by NCC, while the source of graft showed no association. To evaluate prognostic factors for aGVHD-specific survival, we performed further analyses including covariates associated with the characteristics of aGVHD at onset, as well as patients-and transplants-related characteristics. Using these analyses, we found that late-onset aGVHD had better survival than classic aGVHD, and identified the association of visceral Others included male to male (n ¼ 257), female to female (n ¼ 132) and male to female (n ¼ 217). b Advanced disease status at transplantation includes acute leukemia beyond the first remission, CML beyond the first chronic phase, high-risk myelodysplastic syndrome (international prognostic scoring system Xintermediate-2), plasma cell myeloma with chemoresistance. organ involvement and severity of aGVHD at onset with inferior aGVHD-specific survival. To our knowledge, there have been no trials to investigate prognostic factors in patients with aGVHD defined by NCC.
Recently, a large study by Flowers et al. 9 has been conducted to evaluate the risk factors for aGVHD by NCC. In their study, HLAmismatched or unrelated donors, the use of TBI and a female donor for a male recipient were significantly associated with an increased risk of aGVHD in adults and pediatric patients, who underwent allo-SCT after MAC. In contrast, diagnosis of CML was significantly associated with a decreased risk of aGVHD, and the use of ATG as a part of conditioning regimen had a tendency for lower risk of aGVHD. The current study included only adult patients, who received RIC, as well as MAC, which differed from aforementioned study. We also observed a higher risk for aGVHD by NCC in unrelated donors and a lower risk in CML than acute leukemia, which strongly suggests the importance of the types of donor and disease as risk factors for aGVHD by NCC. Our data also demonstrated that MAC had a trend for higher risk of aGVHD by NCC than RIC. These results are consistent to the previous reports, which showed the higher risk of MAC for aGVHD by old criteria. 3, 7 Younger age of patients was associated with higher risk for aGVHD by NCC in this study, which is in contrast with the no association with patient's age found in the study by Flower et al., 9 which used NCC. This discrepancy may be caused by the distinctive characteristic of our cohort, including RIC and MAC, in which younger patients were more frequently transplanted after MAC than older patients. Regarding the association of patient's age with aGVHD, the results of previous studies by old criteria, the majority of which included only MAC, have been conflicting; some showed an association with older age, 1, 2, 4, 7, 17 whereas others no association. 18, 19 The diverse risk factors for aGVHD were reported to be associated with an increased risk of aGVHD by old criteria, which included cGVHD occurring earlier than day 100 and did not include late-onset aGVHD, [1] [2] [3] [4] [5] [6] [7] despite the existence of conflicting data. Particularly regarding the effect of PBSCs on aGVHD, previous studies using old criteria have shown discrepant findings. 6, 7 In the recent report from the Center for International Blood and Marrow Transplant Research, 18 type of graft, PBSCs, was one of the predominant determinants for aGVHD risk with the intensity of conditioning and the use of TBI. However, studies using NCC, including ours and the study by Flowers et al. 9 demonstrated that the occurrence of aGVHD was not affected by the type of graft sources in common. Indeed, contrasting the controversies in the role of PBSCs in aGVHD by old criteria, 6, 18, 20, 21 PBSCs is a well-known risk factor for cGVHD by not only old criteria, 6, 20, 21 but also NCC. 9 Thus, in previous reports, using old criteria for aGVHD, the proportion of inclusion of cGVHD developed before day 100 in each study may affect the results related with the association of PBSCs with aGVHD. These conflicting effects of PBSCs on aGVHD by NCC with old criteria, not like cGVHD, suggest the limitation of arbitrary criteria of day 100, but also support the basic theory of NCC that aGVHD is a different disease entity with cGVHD. Prospective trials, with a large cohort observing the occurrence of GVHD by NCC, are needed to give an answer to unsolved issues, regarding risk factors for each type of GVHD.
Another main objective of this study is to evaluate the prognostic factors for aGVHD-specific survival in patients with aGVHD by NCC. The detrimental effects of advanced disease status at transplantation, visceral organ involvement and the severity of aGVHD by NCC on aGVHD-specific survival were similar in our previous report of aGVHD by old criteria. 11, 14 Of note, we found that late-onset aGVHD had superior aGVHD-specific survival to classic aGVHD, and more frequent involvement of the liver without any difference in the severity of grade at onset. This suggests that the onset time of acute features by NCC may affect the prognosis as well. We also showed that late-onset aGVHD developed in a higher proportion of other hematologic malignancies than acute leukemia, and did not occur in patients receiving ATG as a part of conditioning.
However, we could not reach a conclusion on these issues owing to the small number of late-onset aGVHD. Further trials to evaluate the prognosis and characteristics of aGVHD by NCC according to the onset time are needed.
In conclusion, despite limitations by its retrospective nature and recording bias, this study clearly demonstrates the risk and prognostic factors for aGVHD by NCC, with some differences from previous reports that have been based on the old criteria. In situations including the predominant determinants of aGVHD risk in this study, further efforts to reduce the occurrence of aGVHD are needed to optimize outcomes after allo-SCT. Particularly, contrasting to the well-known association of PBSCs with cGVHD, the irrelevance of PBSCs to aGVHD that has been observed in studies based on NCC, including the current study, suggests that aGVHD is a different disease entity compared with cGVHD by NCC. Ongoing research in fields such as biomarkers and genetic profiling, to further characterize the difference in pathogenesis of each type of GVHD, needs to be performed in a homogeneous cohort implicating the risk factors for GVHD. Despite the small number of late-onset aGVHD, the better prognosis of late-onset aGVHD than classic aGVHD raises the necessity for prospective multicenter trials with a large cohort to evaluate the prognostic implication of onset time of acute features by NCC. 
